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
$EVWUDFW7KHFKDUDFWHULVWLFVRIVXVWDLQDELOLW\ZLWKLQPHJDSURMHFWVW\SLFDOO\ZRUWKRYHUEQ
HDFKFDQPDNHJLJDQWLF LPSDFWVRQ WKHVRFLHW\ WKHHFRQRP\DQG WKHHQYLURQPHQWDW ORFDO
UHJLRQDOQDWLRQDODQGHYHQLQWHUQDWLRQDOOHYHOGHSHQGLQJRQWKHQDWXUHRIWKHSURMHFWLQVKRUW
DQGORQJHUWHUPDQGWKHSXUVXLWRIPHJDSURMHFWVXVWDLQDELOLW\LQGHYHORSPHQWDQGRSHUDWLRQLV
WRVDWLVI\WKHQHHGIRUDVXIILFLHQWDGGUHVVRQG\QDPLFDOO\LQWHUDFWLYHLVVXHVUHODWLQJWRVRFLDO
WHFKQLFDO HFRQRPLF HFRORJLFDO DQG SROLWLFDO 67((3 DVSHFWV WKURXJKRXW SURMHFW OLIHF\FOH
7KHUHIRUH LW¶V DQ LPSRUWDQW EXW FKDOOHQJLQJ WDVN WR GR D UHOLDEOH DVVHVVPHQW RQ WKH RYHUDOO
VXVWDLQDELOLW\ RI LQGLYLGXDO PHJDSURMHFWV WR HQVXUH WKH WDUJHW LV PHW LQ SUDFWLFH 7KLV SDSHU
SUHVHQWVUHFHQWUHVHDUFKILQGLQJVDERXWPHJDSURMHFWDVVHVVPHQWRQVXVWDLQDELOLW\0$67KH
UHVHDUFKKDVEHHQFRQGXFWHGE\XVLQJDQHZUHVHDUFKPHWKRGXQGHUSLQQHGE\75,=7KHRU\RI
,QYHQWLYH 3UREOHP 6ROYLQJ WR IDFLOLWDWH WKH DGRSWLRQ RI HYLGHQFHEDVHG OHDUQLQJ (%/ LQ
IXUWKHU UHVHDUFK LQWR 0$6 )LQGLQJV IURP WKLV 75,= GULYHQ UHVHDUFK LQFOXGH D NQRZOHGJH
IUDPHZRUNDUHVHDUFKURDGPDSDQGUHVHDUFKWDVNVWRVXSSRUWLPSURYHG0$6LQSUDFWLFH,W¶V
H[SHFWHGWKDWWKLVSDSHUFDQEHXVHIXOIRUUHVHDUFKDGYDQFHPHQWWRZDUGVUHOLDEOH0$6WRVXSSRUW
GHFLVLRQPDNLQJDWZRUNVWDJHVRIPHJDSURMHFWV

.H\ZRUGV0HJDSURMHFW0HWKRGRORJ\5HVHDUFK5RDGPDS6XVWDLQDELOLW\


,1752'8&7,21

,QWKHFRQVWUXFWLRQVHFWRUDPHJDSURMHFWZKLFKLVW\SLFDOO\ZRUWKRYHUEQLVDODUJHVFDOH
QHZFRQVWUXFWLRQRUUHGHYHORSPHQWSURMHFWWKDWFDQPDNHJLJDQWLFLPSDFWVRQWKHVRFLHW\WKH
HFRQRP\DQGWKHHQYLURQPHQWDWORFDOUHJLRQDOQDWLRQDODQGHYHQLQWHUQDWLRQDOOHYHOLQVKRUW
DQGORQJHUWHUP7KHVXVWDLQDELOLW\RIPHJDSURMHFWVZLWKUHJDUGWRWKHLUFRQWLQXRXVDELOLWLHVDW
SDUWLFXODU OHYHOV WKURXJK OLIHF\FOH LV WKHUHIRUH FUXFLDO IRU QRW RQO\ LQGLYLGXDO EXW DOVR
FRQVHQVXVGHFLVLRQPDNLQJLQERWKHQJLQHHULQJDQGPDQDJHPHQWDFURVVLQWHUDFWLYHOD\HUVDQG
FOXVWHUVDWYDULRXVSURMHFWVWDJHV

$FFRUGLQJWROLWHUDWXUHUHYLHZRQFXUUHQWSURIHVVLRQDOVHUYLFHVVXVWDLQDELOLW\LQPHJDSURMHFW
SUDFWLFHLVQRUPDOO\PHDVXUHGDQGUHSRUWHGVHSDUDWHO\RQVRFLDOHFRQRPLFDQGHQYLURQPHQWDO
DVSHFWV RQ DQ DQQXDO EDVLV LQ PDQ\ FRUSRUDWH UHSRUWV VXFK DV WKRVH SURYLGHG E\ $(&20
%HFKWHO&DULOOLRQDQG6NDQVNDIURPWKHFRQVWUXFWLRQVHFWRUDQG
WKH&URZQ(VWDWHDQGWKH+LJK6SHHG7ZR+6IURPWKHLQIUDVWUXFWXUHVHFWRU
7KHIUDJPHQWVLQVXVWDLQDELOLW\UHSRUWLQJWKURXJKWKHXVHRIFXUUHQWDSSURDFKHVWRDVVHVVLQJ
PHJDSURMHFWGHOLYHU\KDYHDFWXDOO\DGGHGDQHZULVNZLWKUHJDUGWRWKHLUSHUIRUPDQFHDQGWKH
YDOXHIRUPRQH\DWYDULRXVSURMHFWVWDJHV7KHLQWHUDFWLRQVRIWKLVULVNZLWKDOORWKHUULVNVLQ
UHODWLRQWRFULWLFDOLVVXHVRQWLPHFRVWDQGTXDOLW\HWFFDQVLJQLILFDQWO\XSJUDGHWKHOHYHORI
FRPSOH[LW\ LQ SURMHFW PDQDJHPHQW LQ UHVSRQVH WR WKH VWURQJ HPSKDVLV RQ VXVWDLQDELOLW\ LQ
PHJDSURMHFWGHYHORSPHQWDQGRSHUDWLRQDQGFRQVHTXHQWO\DJJUDYDWHWKHFRQVLVWHQWSUREOHP
RIRYHUUXQVRQFRVWDQGWLPHGXULQJFRQVWUXFWLRQDQGUHVRXUFHVXVDJHGXULQJRSHUDWLRQLQWKH
ZKROHOLIHRIPHJDSURMHFWV

 
:KLOHWKHUHDUHGLVFXVVLRQVZRUOGZLGHRQWKHQHHGIRULPSOHPHQWLQJLQWHJUDWHGVXVWDLQDELOLW\
UHSRUWLQJDWFRUSRUDWHOHYHODQLQWHJUDWHGVXVWDLQDELOLW\PHDVXUHPHQWIRUHLWKHUH[LVWLQJRUQHZ
PHJDSURMHFWV WKURXJKRXW OLIHF\FOH LV LQQHHG WR ILOO LQ WKHJDS LQ WKH WKHRU\ DQGSUDFWLFHRI
PHJDSURMHFW PDQDJHPHQW LQ WHUPV RI GHYHORSLQJ DQG XVLQJ QHZ DGYDQFHG WHFKQLTXHV IRU
LQWHJUDWHG0$6,QUHVSRQVHWRWKLVQHHGDQHZUHVHDUFKSURMHFWRQDQDQDO\WLFDSSURDFKWR
VXVWDLQDELOLW\DVVHVVPHQWLQXUEDQPHJDSURMHFWVKDVEHHQVHWXSUHFHQWO\DWWKH8QLYHUVLW\RI
6WUDWKFO\GH DQG WKLV SDSHU GHVFULEHV SUHOLPLQDU\ ILQGLQJV IURP UHVHDUFK LQWR D UHVHDUFK
URDGPDSIRUWKHWHFKQLFDODGYDQFHPHQWRI0$6LQWKHQH[WGHFDGHRUORQJHUWHUP

7KLVSDSHUIRFXVHVRQWKHGHVFULSWLRQDERXWKRZVXFKDUHVHDUFKURDGPDSZDVGHYHORSHGDQG
ZKDWKDVEHHQLQFOXGHGLQWKLVUHVHDUFKURDGPDSZLWKUHJDUGWRLWVXVHIXOQHVVLQWKHLQWHJUDWLYH
PHDVXUHPHQWRIPHJDSURMHFWVXVWDLQDELOLW\DWWKHHLJKWSURMHFWVWDJHVZHOOGHILQHGE\5,%$
 LQ LWV ODWHVW*XLGHRQSODQRIZRUN ,QRUGHU WRDFKLHYH WKLVJRDO WKLVSDSHUDLPV WR
H[SORUHNH\UHVHDUFKDUHDVLQ0$6VRDVWRGUDZDWHFKQLFDOURDGPDSWRLQIRUPIXUWKHUUHVHDUFK
DQGSUDFWLFHZLWKUHJDUGWRPDNLQJDJRRGFRQWULEXWLRQWRWKHERG\RISURIHVVLRQDONQRZOHGJH
LQWHUPVRIHIIHFWLYHO\WDFNOLQJWHFKQLFDOFKDOOHQJHVVXFKDVFRVWDQGWLPHRYHUUXQVLQVKRUWDQG
ORQJHUWHUPHIIHFWLYHOHVVRQVOHDUQLQJDQGNQRZOHGJHXVHDVZHOODVWKHFRRUGLQDWHGXVHRI
EXLOGLQJ LQIRUPDWLRQ PRGHOOLQJ %,0 LQ PHJDSURMHFW SUDFWLFH ,Q SDUWLFXODU WKLV SDSHU
SUHVHQWVDQHZUHVHDUFKPHWKRGRORJ\XQGHUSLQQHGE\75,=*DGGZKLFKKDVEHHQXVHG
WRH[SORUHDUHDVRIIXUWKHUUHVHDUFKLQWR0$6WKURXJKHYLGHQFHEDVHGOHDUQLQJ(%/&UDQQH\
DQG0F'RQDOG.H\UHVHDUFKILQGLQJVDUHGHVFULEHGKHUHWRGUDZDWHFKQLFDOURDGPDS
IRUIXUWKHUUHVHDUFKDQGSUDFWLFHLQWR0$6


%$&.*5281'

$SUHOLPLQDU\OLWHUDWXUHUHYLHZKDVEHHQFRQGXFWHGDWWKHHDUO\VWDJHRIWKLVUHVHDUFKLQRUGHU
WRMXVWLI\WKHDLPDQGREMHFWLYHVRIWKHUHVHDUFKVRDVWRHVWDEOLVKDFRQFUHWHEDFNJURXQGWR
IXUWKHUGHSOR\UHVHDUFKDFWLYLWLHV7KHOLWHUDWXUHUHYLHZKDVIRFXVHGRQWZRLVVXHVLQFOXGLQJ
WKHDVVHVVPHQWRIPHJDSURMHFW VXVWDLQDELOLW\DQG WKHGHYHORSPHQWRI UHVHDUFK URDGPDSV LQ
UHODWHGDUHDV7KLVVHFWLRQGHVFULEHVILQGLQJVIURPWKLVOLWHUDWXUHUHYLHZ


0HJDSURMHFWVXVWDLQDELOLW\DVVHVVPHQW

7KH FRQVLGHUDWLRQ GHFLVLRQ PDNLQJ DQG DFWLRQV RQ PHJDSURMHFW VXVWDLQDELOLW\ &KHQ DQG
:KLWHKHDGZLWKLQDQLGHDOFLUFXPVWDQFHQHHGWRVXIILFLHQWO\DGGUHVVLQWHUDFWLYH67((3
LVVXHVLQDQHIIHFWLYHPDQQHUWKURXJKRXWSURMHFWOLIHF\FOHDQGWKHFRPSOH[LW\FDXVHGE\WKH
LQWHJUDWLYH HIIHFWV RI 67((3 IRUFHV &KHQ  KDV WKHUHIRUH FRQWLQXRXVO\ PDGH LW D
FKDOOHQJLQJ WDVN QRW RQO\ LQ SUDFWLFH WR DFKLHYH VSHFLILHG VXVWDLQDELOLW\ JRDOV EXW DOVR LQ
UHVHDUFKWRPHDVXUHWKHVXVWDLQDELOLW\LQDUHOLDEOHZD\

$FDGHPLFUHVHDUFKLQWR0$6KDVEHHQJUDGXDOO\GHYHORSLQJLQWKHSDVWGHFDGH)RUH[DPSOH
&KHQH[SORUHGWKHXVHRIDQDO\WLFQHWZRUNSURFHVV$13DVDQRSWLRQHHULQJWHFKQLTXH
IRUVXVWDLQDELOLW\RULHQWHGHYDOXDWLRQDPRQJRSWLRQVLQDVHULHVRIH[SHULPHQWDOFDVHVWXGLHVRQ
PHJDSURMHFWV LQFOXGLQJ RQH RI WKH ODUJHVW XUEDQ UHJHQHUDWLRQ SURMHFWV LH /LYHUSRRO 21(
&KHQDQG.KXPSDLVDOWKUHHLQWHUQDWLRQDOKXEDLUSRUWVLQ&KLQD&KHQHWDO
DQG WKHXUEDQ OLJKW UDLOSURMHFW(GLQEXUJK7UDPV %RDWHQJ&KHQDQG2JXQODQD WKH
UHVHDUFKGHVFULEHGE\6DUNKH\OL5DILHLDQDQG7DJKYDHHDLPVDWDVHWRIVXVWDLQDELOLW\
DVVHVVPHQW FULWHULD FRYHULQJ HFRQRPLF HQYLURQPHQWDOSK\VLFDO DQG VRFLRFXOWXUDO LVVXHV LQ
 
UHODWLRQWRSURFHVVHVDQGUHVXOWVLQRQHXUEDQUHGHYHORSPHQWSURMHFWLQWKH6DPHQ'LVWULFWRI
0DVKKDGLQ ,UDQ ,WKDVEHHQIRXQGWKDW WKDWERWKTXDOLWDWLYHDQGTXDQWLWDWLYHPHWKRGVKDYH
EHHQDSSOLHGLQDFDGHPLFUHVHDUFKLQWR0$6DQGWKHUHKDYHEHHQPDQ\GLVFXVVLRQVRQNH\
LVVXHVVXFKDVKRZWRGHILQHDVXLWDEOHVHWRIDVVHVVPHQWFULWHULDDQGZKDWWKHLGHDOHYDOXDWLRQ
WHFKQLTXHVFRXOGEHXVHGLQRUGHUWRPDNHUHOLDEOHDVVHVVPHQW

7KHSXUVXLWRQVXVWDLQDELOLW\LQPHJDSURMHFWVWKURXJKOLIHF\FOHKDVEHFRPHPRUHSRSXODULQWKH
FRQVWUXFWLRQVHFWRU2QHSDUWLFXODUGHPRQVWUDWLRQLVWKH8.*RYHUQPHQW&RQVWUXFWLRQ6WUDWHJ\
 ZKLFK ZDV UHFHQWO\ SURGXFHG E\ WKH ,QIUDVWUXFWXUH DQG 3URMHFWV $XWKRULW\ ,3$
VHHNLQJWRLPSURYHGHOLYHU\HIILFLHQF\DQGSHUIRUPDQFHDFURVVHFRQRPLFDQGVRFLDO
LQIUDVWUXFWXUHSURMHFWVLQWKHSXEOLFSULYDWHDQGUHJXODWHGVHFWRUVDQGKDVVHWXSRQHSULRULWLVHG
DUHDRQZKROHOLIHDSSURDFKHVWRSXUVXLQJVXVWDLQDELOLW\LQFRQVWUXFWLRQ$OWKRXJK WKHUHKDV
EHHQQRLQGXVWU\ZLGHWRROIRU0$6DWHLWKHUZRUNVWDJHOHYHORUOLIHF\FOHOHYHOSURIHVVLRQDO
GHYHORSPHQW RQ VXVWDLQDELOLW\ RULHQWHG DVVHVVPHQW IRU FRQVWUXFWLRQ SURMHFWV KDV EHHQ
FRQWLQXRXVO\JURZLQJRYHUWKHSDVWPRUHWKDQ\HDUV)RUH[DPSOHWKH%5(($0%XLOGLQJ
5HVHDUFK(VWDEOLVKPHQW(QYLURQPHQWDO$VVHVVPHQW0HWKRG%5(IRUWKHDVVHVVPHQW
RI EXLOGLQJV DQG LQIUDVWUXFWXUHV DW PDLQ ZRUN VWDJHV FRYHULQJ QHZ EXLOG RSHUDWLRQ DQG
UHIXUELVKPHQW WKH VXVWDLQDELOLW\ FKHFNSRLQWV VSHFLILHG IRU LQGLYLGXDO ZRUN VWDJHV LQ 5,%$
3ODQRI:RUNDQGWKH63H$56XVWDLQDEOH3URMHFW$SSUDLVDO5RXWLQH$UXS
ZKLFKLVWKHWRROXVHGE\VXVWDLQDELOLW\FRQVXOWDQWVDQGVXVWDLQDEOHEXLOGLQJVDQGVXVWDLQDEOH
LQIUDVWUXFWXUHGHVLJQHUV DW$UXS IRU VXVWDLQDELOLW\ DSSUDLVDO WR VXSSRUWGHFLVLRQPDNLQJDQG
FRPPXQLFDWHLQSURMHFWGHYHORSPHQW,QWKHPHDQWLPHWKHUHDUHPDQ\VXVWDLQDELOLW\RULHQWHG
LQGXVWU\DZDUGVSURPSWLQJWKHEHVWSUDFWLFHLQWKHFRQVWUXFWLRQVHFWRUDWJOREDOVFDOHHDFK\HDU
7KHVH SURIHVVLRQDO LQLWLDWLYHV KDYH GHPRQVWUDWHG WKDW LW KDV EHHQ ZLGHO\ DFFHSWHG E\ WKH
FRQVWUXFWLRQ LQGXVWU\ DFURVV WKH ZRUOG WKDW VXVWDLQDELOLW\ LV HVVHQWLDO IRU SURMHFWV QR PDWWHU
ZKLFK VWDJH WKH\ PLJKW EH DW DQG LW KDV EHFRPH D QHFHVVDU\ SDUW RI ZRUN WR SXUVXH
VXVWDLQDELOLW\ WRZDUGV VSHFLILHG OHYHOV LQ DOO W\SHV RI SURMHFWV LQFOXGLQJ QHZ FRQVWUXFWLRQ
UHFRQVWUXFWLRQDQGUHGHYHORSPHQWSURMHFWV)URPWKLVSRLQWRIYLHZ WKHUH LVDQDQWLFLSDWHG
GHPDQGIRUWRROVIRU0$6LQRUGHUWRVXSSRUWEHWWHUGHFLVLRQPDNLQJE\SURIHVVLRQDOVDWHLWKHU
HQJLQHHULQJRUPDQDJHPHQWSRVLWLRQVWRZRUNWRZDUGVVSHFLILHGPLOHVWRQHVLQDFFRUGDQFHWR
VXVWDLQDELOLW\FKHFNSRLQWVVSHFLILHGE\5,%$WKURXJKRXWSURMHFWOLIHF\FOH,WLVWKHUHIRUH
DUHVHDUFKWDVNWRGHYHORSZRUNVWDJHRULHQWHGWRROVIRU0$6


1HHGIRUUHVHDUFKURDGPDS

,WLVDVVXPHGIRUWKLVUHVHDUFKWKDWQLQHPLOHVWRQHVFDQEHHVWDEOLVKHGLQDFFRUGDQFHWRQLQH
ZRUN VWDJHV VSHFLILHG ZLWK VXVWDLQDELOLW\ FKHFNSRLQWV JLYHQ E\ 5,%$  DQG WKHVH
PLOHVWRQHVDUHGHSHQGDEOHLQGHYHORSLQJDUHVHDUFKURDGPDSIRU0$6DOWKRXJKWKHUHPLJKW
EH VRPH DOWHUQDWLRQV WR EH PDGH IRU VSHFLILF VXVWDLQDELOLW\ FKHFNSRLQWV WKURXJK HLWKHU
PRGLI\LQJWKHH[LVWLQJRQHVRUDGGLQJQHZRQHVWRUHIOHFWWKHQDWXUHRIPHJDSURMHFWVZKLFKDUH
QRUPDOO\GLIIHUHQW IURPVPDOOSURMHFWV  ,QRUGHU WRSXW WKHQLQHPLOHVWRQHVRIPHJDSURMHFW
VXVWDLQDELOLW\ RQWR D UHVHDUFK URDGPDS D IXUWKHU OLWHUDWXUH UHYLHZ ZDV FRQGXFWHG WR ILQG
DQVZHUVWRWZRHVVHQWLDOTXHVWLRQVLQFOXGLQJZKHWKHUWKHUHLVDOUHDG\VXFKDUHVHDUFKURDGPDS
IRU0$6DQGZKDWDQHZUHVHDUFKURDGPDSIRU0$6VKRXOGFRYHUDQGWKHDQVZHUVWRWKHWZR
TXHVWLRQVFDQIXUWKHUMXVWLI\WKHQHHGIRUDQGWKHFRQWHQWVRIWKHUHVHDUFK

7KHDQVZHUWRWKHILUVWTXHVWLRQZDVVLPSO\DQXOOVHWDFFRUGLQJWRWKHUHVXOWVUHWXUQHGIURP
*RRJOHDVDW-XQHDIWHUVHDUFKLQJE\XVLQJWKHIROORZLQJWZRFRPELQHGVHDUFKWHUPV

 
x ³PHJDSURMHFW´$1'VXVWDLQDELOLW\$1'³UHVHDUFKURDGPDS´DQG
x PHJDSURMHFW$1'VXVWDLQDELOLW\$1'³UHVHDUFKURDGPDS´

,WZDVWKHUHIRUHDVVXPHGWKDWWKHGHVFULEHGUHVHDUFKLQWR0$6IRUDUHVHDUFKURDGPDSKDVLWV
RULJLQDOLW\ WR PDNH D FRQWULEXWLRQ WR WKH ERG\ RI NQRZOHGJH RI PHJDSURMHFW VXVWDLQDELOLW\
ZKLFKLVRQHLPSRUWDQWSDUWRISURIHVVLRQDOSUDFWLFHRQPHJDSURMHFWV

,QRUGHUWRILQGWKHDQVZHUWRWKHVHFRQGTXHVWLRQWKHOLWHUDWXUHUHYLHZZDVFRQGXFWHGWRORRN
LQWR UHSUHVHQWDWLYH UHVHDUFK URDGPDSV GHYHORSHG LQ UHODWHG DUHDV 7KH IROORZLQJ UHVHDUFK
URDGPDSVZHUHUHYLHZHGUHJDUGLQJWKHLUVWUXFWXUHVDQGFRQWHQWVLQVSHFLILFDUHDV

x $UXS5HVHDUFK5RDGPDS
x %65,$%,0URDGPDSDEXLOGLQJRZQHUV
JXLGHWRLPSOHPHQWLQJ%,0
x &,(5HVHDUFKURDGPDSIRUKHDOWKIXOLQWHULRUOLJKWLQJDSSOLFDWLRQV
x '7,5RDGPDSIRUWKHGHYHORSPHQWRILQWHOOLJHQWPRQLWRULQJRIFRQFUHWH
VWUXFWXUHV
x ,&&30*OREDO3HUVSHFWLYHVDQGWKH6WUDWHJLF$JHQGDWR

,WKDVEHHQIRXQGIURPWKHUHYLHZLQWRWKHVHUHVHDUFKURDGPDSVWKDWWKHJHQHULFFRQWHQWVQHHG
WREHFRQVLGHUHGDQGFRYHUHGLQFOXGH5HVHDUFKWKHPHVDQGDUHDVDQG5HVHDUFKWLPHVFDOHDQG
PLOHVWRQHV $V D UHVXOW ILQGLQJV RQ WKH JHQHULF IRUPDW DGRSWHG LQ UHVHDUFK URDGPDSV KDYH
SURYLGHGXVHIXOLQIRUPDWLRQIRUGHYHORSLQJDQHZUHVHDUFKURDGPDSIRU0$6

7KH OLWHUDWXUHUHYLHZLQWRPHJDSURMHFWVXVWDLQDELOLW\DVVHVVPHQWDQGUHVHDUFKURDGPDSVKDV
MXVWLILHGWKHQHHGIRUDQHZUHVHDUFKURDGPDSIRU0$6 ,WKDVEHHQLGHQWLILHGWKDW WKHQHZ
UHVHDUFKURDGPDSZLOOQHHGWRVSHFLI\UHVHDUFKWKHPHVDQGDUHDVLQUHODWLRQWRVXVWDLQDELOLW\
DVVHVVPHQWLQPHJDSURMHFWVWKURXJKRXWWKHOLIHF\FOHDQGLWLVDOVRQHFHVVDU\IRUWKHUHVHDUFK
URDGPDSWRFODULI\WKHWLPHVFDOHWRDFKLHYHPLOHVWRQHVVHWXSIRU0$6


0(7+2'2/2*<

5HVHDUFKVWUDWHJ\

7KHVWUDWHJ\PDGHIRUWKHUHVHDUFKGHVFULEHGLQWKLVSDSHUIRFXVHVRQWKHDLPDQGREMHFWLYHVRI
UHVHDUFK DQG WKH PHWKRGRORJ\ WR HQVXUH WKH XVH RI DSSURSULDWH PHWKRGV WR GHULYH UHOLDEOH
RXWFRPHV7KHOLWHUDWXUHUHYLHZFRQGXFWHGIRUWKLVUHVHDUFKKDVIRFXVHGRQWKHDVVHVVPHQWRI
PHJDSURMHFW VXVWDLQDELOLW\ DQG WKH QHHG IRU SODQQLQJ RQ WKH GHYHORSPHQW RI LQQRYDWLYH
VROXWLRQVZLWKFOHDULGHQWLWLHVRQDUHVHDUFKURDGPDSVRDVWRLPSURYHVXVWDLQDELOLW\RULHQWHG
SUDFWLFH LQ PHJDSURMHFWV DQG WKLV KDV HYHQWXDOO\ OHG WR WKLV UHVHDUFK LQWR D URDGPDS IRU D
FRPSUHKHQVLYHXQGHUVWDQGLQJDQGJXLGHRIIXUWKHUUHVHDUFKUHODWLQJWR0$6ZKLFKDOVRKDV
QXPHURXVFRQQHFWLRQVWRRWKHUWDVNVWKURXJKRXWWKHZKROHOLIHRIPHJDSURMHFWV7KHUHVHDUFK
WRZDUGVVXFKDURDGPDSZDVFRQGXFWHGWKURXJKFRQVLGHULQJWKHIROORZLQJWKUHHREMHFWLYHV

x 7RLGHQWLI\DVHWRIUHVHDUFKDUHDVWKURXJKDFRPSUHKHQVLYHOLWHUDWXUHUHYLHZWRIRUP
WKHWKHRUHWLFDOIUDPHZRUNRIWKHERG\RINQRZOHGJHIRU0$6
x 7RGUDZD UHVHDUFK URDGPDSRI0$6E\ FRQQHFWLQJDOO LGHQWLILHG UHVHDUFKDUHDV LQ
UHODWHGVXVWDLQDELOLW\GRPDLQVLQWRDUHOLDEOHZRUNSURFHGXUH
 
x 7RVSHFLI\WHFKQLFDOGHWDLOVRI0$6DWGLIIHUHQWZRUNVWDJHVDORQJVLGHWKHFKRVHQZRUN
SURFHGXUHVXFKDV5,%$3ODQRI:RUN

,Q RUGHU WR DFKLHYH WKH JRDO RI WKLV UHVHDUFK D VHW RI UHVHDUFK PHWKRGV ZDV XVHG 7KH
SUHOLPLQDU\ UHVHDUFK ILQGLQJV GHVFULEHG KHUH KDYH EHHQ GHULYHG WKURXJK WKH XVH RI 75,=
LQWHJUDWHGZLWK(%/DQGV\VWHPDQDO\VLVDQGGHVLJQ$QH[WHQVLYHOLWHUDWXUHUHYLHZVXVWDLQHG
E\75,=ZDVXVHGWRMXVWLI\UHVHDUFKDLPDQGREMHFWLYHVDVZHOODVHVVHQWLDOUHVHDUFKWKHPHV
DQGDUHDVWRHVWDEOLVKDIUDPHZRUNRIWKHERG\RINQRZOHGJHIRUPHJDSURMHFWVXVWDLQDELOLW\
06%2. $ SURFHVV RQ V\VWHP DQDO\VLV DQG GHVLJQ ZDV WKHQ XVHG WR GHULYH D UHVHDUFK
URDGPDSIRU0$6DQGWKLVLQFOXGHDWHFKQLFDOIUDPHZRUNDVWKHSURFHGXUHRI0$6DQGLWV
UHODWHGUHVHDUFKWDVNVLQVKRUWPHGLXPDQGORQJWHUP ,WZDVFRQVLGHUHGZKHQWKHUHVHDUFK
URDGPDSZDVGHYHORSHGWRUHIOHFWWKHSURJUHVVRIFXUUHQWUHVHDUFKDQGSUDFWLFHZLWKUHJDUGWR
WKHEHVWSUDFWLFHLQUHODWHGDUHDVIRUPHJDSURMHFWVXVWDLQDELOLW\


75,=OHG(%/

75,=DVDXVHIXOWRROWRHVWDEOLVKDFRPSUHKHQVLYHXQGHUVWDQGLQJRISUREOHPXQGHUVROYLQJ
ZDVFKRVHQDVDUHVHDUFKPHWKRGWRLGHQWLI\WKHPHVDQGVSHFLILFDUHDVVRDVWRIRUPWKHUHVHDUFK
URDGPDS75,=LVWKH5XVVLDQDFURQ\PIRU7HRUL\D5HVKHQL\D,]REUHWDWHOVNLNK=DGDWFKDQG
PHDQVWKH
7KHRU\RI,QYHQWLYH3UREOHP6ROYLQJ
LQ(QJOLVK,WZDVGHYHORSHGLQE\VRYLHW
LQYHQWRU*HQULFK$OWVKXOOHUDQGKLVFROOHDJXHV*DGGDQGKDVEHHQZLGHO\DGRSWHGLQ
PDQ\LQGXVWU\VHFWRUV)RUUHVHDUFKLQWKHEXLOWHQYLURQPHQW75,=KDVEHHQLQWURGXFHGLQWKH
SDVWGHFDGH)RUH[DPSOHDQLQWHJUDWLRQRI75,=ZLWK$13IRUWKHPXOWLFULWHULDDVVHVVPHQWRI
IDoDGHV\VWHPVZLWKUHJDUGWRWKHZKROHOLIHYDOXHRIWKHGHVLJQ&KHQHWDODKROLVWLF
OLWHUDWXUHUHYLHZDSSURDFKXQGHUSLQQHGE\75,=WRIRUPLQJDWHFKQLFDOIUDPHZRUNRIIDFLOLWLHV
PDQDJHPHQWZLWK UHJDUG WR WKHERG\RINQRZOHGJHDQG WKHSULQFLSOHV &KHQ7KHVH
UHVHDUFKHVKDYHLQIRUPHGIXUWKHUUHVHDUFKLQWRDUHDVZKHUHDFRPSUHKHQVLYHOLWHUDWXUHUHYLHZ
LVLQQHHGWRGHULYHWKHVFRSHDQGGLUHFWLRQVRIIXUWKHUUHVHDUFK,QWKLVUHJDUGWKH75,=ZDV
FKRVHQIRUWKHUHVHDUFKGHVFULEHGLQWKLVSDSHUZLWKDSDUWLFXODUIRFXVRQHVVHQWLDOWKHPHVDQG
UHODWHGDUHDVRIDUHVHDUFKURDGPDSIRU0$6

7KHOLWHUDWXUHUHYLHZRQNQRZOHGJHGULYHQDVVHVVPHQWIRUWKHVXVWDLQDEOHEXLOWHQYLURQPHQW
LQGLFDWHGDODFNRIUHVHDUFKLQWR(%/WRVXSSRUWGHFLVLRQPDNLQJLQOLIHF\FOHRULHQWHGIDFLOLWLHV
PDQDJHPHQW DQG WKH QHFHVVLW\ RI QHZ UHVHDUFK WR EULGJH RYHU WKH JDS EHWZHHQ (%/ DQG
NQRZOHGJHGULYHQPXOWLFULWHULD DVVHVVPHQW IRU WKHGHVLJQ &OLSVRQDQG -RKQVRQDQG
PDQDJHPHQW .RYQHU DQG 5XQGDOO  ,Q WKLV UHJDUG WKH (%/ ZDV DGRSWHG WR VXSSRUW
UHOLDEOH DQG FRQVLVWHQW DVVHVVPHQW LQ GHYHORSLQJ WKH UHVHDUFK URDGPDS IRU 0$6 7KH
LQWHJUDWLYHXVHRIWKHVHPHWKRGVLQWKLVUHVHDUFKKDVVKRZQHIIHFWLYHQHVVLQLGHQWLI\LQJUHVHDUFK
WKHPHVDQGDUHDVWRHVWDEOLVKDQHZUHVHDUFKURDGPDSIRU0$6

,Q WKH ILHOG RI 0$6 LW KDV EHHQ RI ERWK DFDGHPLF LQWHUHVW LQ DQG SURIHVVLRQDO QHHG IRU
VSHFLI\LQJWKH06%2.WRVXSSRUWEHVWSUDFWLFHLQUHVHDUFKDQGVHUYLFHVRQPHJDSURMHFWV,Q
RUGHUWRGHULYHDUHOLDEOHVHWRI06%2.WKURXJKDQH[WHQVLYHUHYLHZRQOLWHUDWXUHDQGSUDFWLFH
DQGWRYHULI\LWVVXLWDELOLW\WRFOXVWHUHGUHVHDUFKWKHPHVDQGDUHDVDWLQGLYLGXDOZRUNVWDJHVDQG
WKHZKROHOLIHRIPHJDSURMHFWVWKH75,=ZDVFKRVHQWRIDFLOLWDWHDQH[SHFWHGLQYHQWLYHSURFHVV
WRHVWDEOLVKWKHIUDPHZRUNDQGHOHPHQWVRI06%2.)RUVXFKDGHGLFDWHGUHVHDUFKWKHQLQH
ZLQGRZDSSURDFKZKLFKLVRQHSUDFWLFDO75,=WRROZDVFKRVHQWRTXDOLWDWLYHO\LGHQWLI\DQG
MXVWLI\WKHIUDPHZRUNRI06%2.DQGWKHFOXVWHUVRIUHVHDUFKWDVNV

 
)LJXUH  LOOXVWUDWHV WKH GLDJUDP RI QLQH ZLQGRZV WKDW ZHUH QDPHG DQG XVHG WR GHULYH WKH
06%2.IUDPHZRUNDQGUHVHDUFKWDVNVGHVFULEHGLQWKLVSDSHU,QSULQFLSOHWKHQLQHZLQGRZ
DSSURDFKORRNVRQWKHKRUL]RQWDOGLUHFWLRQLQWRWKHKLVWRU\WKHSUHVHQWDQGWKHIXWXUHRIWKH
SUREOHP WR EH VROYHG WKURXJK D UHYLHZ LQWR UHODWHG LQIRUPDWLRQ DW PLFURFRVPLF DQG
PDFURVFRSLFOHYHODVZHOODVV\VWHPOHYHODFURVVWKHYHUWLFDOGLUHFWLRQ%DVHGRQWKHWKHRU\RI
WKHQLQHZLQGRZDSSURDFK)LJXUHSUHVHQWVDQHYROXWLRQDU\SURFHVVWRGHULYHWKHWHUPLQDO
JRDOWKURXJKDPLGGOHZLQGRZZKLFKFROOHFWVDOOILQGLQJVIURPWKHUHVWRIVHYHQZLQGRZV$V
LOOXVWUDWHGLQ)LJXUHWKHZLQGRZRI0$6ZDVVHWXSDVWKHJRDORIWKLVHQWLUHQLQHZLQGRZ
DQDO\WLFSURFHVVDQGDFKLHYHGWKURXJKWKHHVWDEOLVKPHQWRI06%2.LQWKHPLGGOHZLQGRZWR
FROOHFWIHHGEDFNIURPWKHIROORZLQJRWKHUVHYHQZLQGRZVIRUUHYLHZRQ

x :LQGRZ$FDGHPLFUHVHDUFK7KHUHYLHZIRFXVHVRQUHVHDUFKSURMHFWVSXEOLFDWLRQV
DQGNQRZOHGJHH[FKDQJHDFWLYLWLHV
x :LQGRZ,QGLYLGXDOSURIHVVLRQDOSUDFWLFH7KHUHYLHZIRFXVHVRQSURIHVVLRQDO
VHUYLFHVWUDLQLQJDQGUHSRUWV
x :LQGRZ,QGXVWU\OHDGHUVKLS7KHUHYLHZIRFXVHVRQLQWHUQDWLRQDOLQLWLDWLYHVRQ
PHJDSURMHFWVXVWDLQDELOLW\
x :LQGRZ&ROODERUDWLYHSURIHVVLRQDOSUDFWLFH7KHUHYLHZIRFXVHVRQVWUDWHJLHVDQG
LQWHUGLVFLSOLQDU\FROODERUDWLRQV
x :LQGRZ6XSSO\FKDLQQHWZRUN7KHUHYLHZIRFXVHVRQJXLGDQFHSURGXFW
VSHFLILFDWLRQVVWUDWHJLHVDQGUHSRUWVDWPDFURV\VWHPOHYHO
x :LQGRZ3URIHVVLRQDORUJDQLVDWLRQV7KHUHYLHZIRFXVHVRQJXLGDQFHLQGXVWU\
VWDQGDUGVVWDWLVWLFVDQGUHSRUWVDWPDFURV\VWHPOHYHO
x :LQGRZ*RYHUQPHQW7KHUHYLHZIRFXVHVRQFRQVXOWDWLRQVSROLF\SODQV
UHJXODWLRQVVWDWLVWLFVDQGUHSRUWVDWPDFURV\VWHPOHYHO

)LJXUH$75,=DSSURDFKWRLGHQWLI\UHVHDUFKDUHDVIRU0$6

 
,WLVH[SHFWHGWKDWWKLVGHGLFDWHGUHYLHZFDQHQVXUHDV\VWHPDWLFVWXG\RQ06%2.IURPWKH
SDVW WKURXJKSUHVHQW WR WKHIXWXUHDW WKUHHPDLQOHYHOVRQPLFURV\VWHPV\VWHPDQGPDFUR
V\VWHPLQWKHVFRSHRI0$6UHODWHGSUDFWLFHDQGUHVHDUFKDQGGHULYHXVHIXOVROXWLRQVRIWKH
NQRZOHGJHIUDPHZRUNRI06%2.DQGWKHFOXVWHUVRIUHVHDUFKWDVNVIRU0$6


.12:/('*()5$0(:25.

)RUWKHIUDPHZRUNRI06%2.WKLVUHVHDUFKKDVLGHQWLILHGWKUHHNQRZOHGJHGRPDLQVDFURVV
ILYH UHVHDUFK WKHPHV WKURXJK WKH75,=GULYHQ OLWHUDWXUH UHYLHZGHVFULEHGDERYH7KH WKUHH
NQRZOHGJH GRPDLQV LQFOXGH WKH EXLOW HQYLURQPHQW WKH VRFLDO HQYLURQPHQW DQG WKH QDWXUDO
HQYLURQPHQWZKLFKDUH UHFRJQLVHGDVFULWLFDO WHFKQLFDOGRPDLQV UHODWLQJ WR0$67KH ILYH
UHVHDUFKWKHPHVIRFXVRQVRFLDOLVVXHVWHFKQLFDOLVVXHVHFRQRPLFLVVXHVHQYLURQPHQWDOLVVXHV
DQGSROLWLFDOLVVXHVLH67((3LVVXHVLQPHJDSURMHFWGHYHORSPHQWDQGPDQDJHPHQWZKHQ
VXVWDLQDELOLW\ LV XQGHU FRQVLGHUDWLRQ DFURVV WKH ZKROH OLIH 7DEOH  SURYLGHV D PDWUL[ WR
VXPPDULVH WKH WKHPHV DQG DVVRFLDWHG DUHDV RI UHVHDUFK IRU 0$6 ZLWKLQ WKH IUDPHZRUN RI
06%2.IRUZKLFKDOOLGHQWLILHGUHVHDUFKDUHDVDUHDOORFDWHGDFURVVWKUHHGRPDLQVDQGILYH
WKHPHV)LQGLQJVIURPWKH75,=GULYHQSURFHVVRIOLWHUDWXUHUHYLHZKDYHLGHQWLILHGNH\DUHDV
RIUHVHDUFKIRU0$6DQGWKHVHILQGLQJVZHUHIXUWKHUXVHGWRGHVLJQUHVHDUFKWDVNVWRHVWDEOLVK
WKH UHVHDUFK URDGPDS WR DFKLHYH WKHQLQHPLOHVWRQHV LQGLFDWHG LQ UHVSRQVH WR VXVWDLQDELOLW\
FKHFNSRLQWVDWQLQHZRUNVWDJHVVSHFLILHGE\5,%$

7DEOH7KHPHVDQGDUHDVRIUHVHDUFKIRU0$6ZLWKLQ06%2.IUDPHZRUN
7KHPHV&KHQ
%RDWHQJ&KHQDQG
2JXQODQD
'RPDLQVDQGDUHDVRIUHVHDUFK$OWVKXOHUDQG/XEHURII0HUURZ*UHLPDQ
3ULHPXVDQG9DQ:HH+DUW)O\YEMHUJ
%XLOWHQYLURQPHQW 6RFLDOHQYLURQPHQW 1DWXUDOHQYLURQPHQW
6RFLDOLVVXHV 6RFLDOQHHGV 6RFLDODFWLYLWLHV 6RFLDOLQWHUDFWLRQV
7HFKQLFDOLVVXHV 7HFKQLFDODVVXUDQFH 7HFKQLFDOXVHIXOQHVV 7HFKQLFDOLQWHUDFWLRQV
(FRQRPLFLVVXHV (FRQRPLFSHUIRUPDQFH (FRQRPLFYDOXH (FRQRPLFULVNV
(QYLURQPHQWDO
LVVXHV
(QYLURQPHQWDOLPSDFWV (QYLURQPHQWDOFRQFHUQV (QYLURQPHQWDOGHJUDGDWLRQ
3ROLWLFDOLVVXHV 3ROLWLFDOLPSDFWV 3ROLWLFDODFWLRQV 3ROLWLFDOLQWHUDFWLRQV


5(6($5&+52$'0$3

7KHSURFHGXUHRI0$6LVDVHULHVRIFRQQHFWHGDFWLRQVWREHWDNHQDWLQGLYLGXDOZRUNVWDJHVLQ
WKH ZKROH SURMHFW OLIH WR DFKLHYH WKH SDUWLFXODU PLOHVWRQHV RQ VXVWDLQDELOLW\ DVVHVVPHQW LQ
PHJDSURMHFWV)LJXUHLOOXVWUDWHVDJHQHULFSURFHGXUHRI0$6XQGHUSLQQHGE\(%/ZLWKDQ
LQWHJUDWLRQZLWKDQRUPDOSODQRIZRUN5,%$IRUPHJDSURMHFWV ,WKDVEHHQXVHGWR
GHYHORSWKHUHVHDUFKURDGPDSDFFRUGLQJWRRXWOLQHGSURFHVVHVDFURVVSURMHFWZRUNVWDJHVDQG
FDQ EH XVHG DV D URDGPDS WR LQIRUP IXUWKHU UHVHDUFK DFWLYLWLHV LQ UHODWHG WKHPHV DQG DUHDV
VXPPDULVHGLQ7DEOHWKURXJKD75,=GULYHQOLWHUDWXUHUHYLHZ

7KHSURFHGXUHRI0$6DVLOOXVWUDWHGLQ)LJXUHFRQVLVWVRIVHYHUDONH\HOHPHQWVLQFOXGLQJD
FKDLQRIQRUPDOZRUNVWDJHVRIPHJDSURMHFWVDVHWRIWHFKQLFDOVROXWLRQV\LHOGHGDWLQGLYLGXDO
ZRUN VWDJHV WKHSURFHVVRI VXVWDLQDELOLW\ DVVHVVPHQW DQG WKH VXSSRUWRI DQ HYLGHQFHEDVH
$OWKRXJKLWFRXOGEHGHHPHGDVDQLGHDOSODQRIZRUNIRUPHJDSURMHFWVXVWDLQDELOLW\WKURXJKRXW
WKHOLIHF\FOHWKHLPSOHPHQWDWLRQRIVXFKDSODQRIZRUNQHHGVVXIILFLHQWVXSSRUWIURPQRWRQO\
 
SURIHVVLRQDOV ZRUNLQJ RQ VXVWDLQDELOLW\ LQ PHJDSURMHFW SUDFWLFH EXW DOVR DFDGHPLFV GRLQJ
UHVHDUFKLQWRXVHIXOWRROVVXFKDVPRGHOVWRRONLWVDQGV\VWHPVIRUVXVWDLQDELOLW\DVVHVVPHQW
5HVHDUFKIRFXVLQJRQNH\HOHPHQWVRIWKHSURFHGXUHRI0$6LVDWWKHSRVLWLRQWRIDFLOLWDWHLWV
LPSOHPHQWDWLRQLQPHJDSURMHFWSUDFWLFHDQGWKH0$6RULHQWHGUHVHDUFKLVIXUWKHUGHVFULEHG
EHORZRQVSHFLILFUHVHDUFKWDVNVDQGWDUJHWHGRXWFRPHVZLWKUHJDUGWRDQRYHUDOOVXSSRUWWR
0$6LQSUDFWLFHLQORQJHUWHUP
)LJXUH7KHSURFHGXUHRI0$6


5(6($5&+7$6.6

7KHUHVHDUFKWRVXSSRUWWKHLPSOHPHQWDWLRQRI0$6DFFRUGLQJWRLWVSURFHGXUHLOOXVWUDWHGLQ
)LJXUHQHHGVWR IRFXVRQVHYHUDONH\WDVNVLQRUGHUWRDFKLHYHWDUJHWHGRXWFRPHVWKDWDUH
XVHIXO LQ WKHSUDFWLFHRQPHJDSURMHFWVXVWDLQDELOLW\$VLPSOLILHGGHVFULSWLRQDERXWUHVHDUFK
WDVNVDQGWKHLURXWFRPHVIRU0$6LVJLYHQLQ7DEOHZKLFKVXPPDULVHVLQDPDWUL[IRUPDW
WKHDXWKRUV¶SHUFHSWLRQVRQWKHHVVHQWLDOVRI0$6RULHQWHGUHVHDUFKDWYDULRXVWLPHVFDOHVDQG
ZDVEDVHGRQUHVHDUFKWKHPHVDQGDUHDVLGHQWLILHGIURP75,=GULYHQOLWHUDWXUHUHYLHZ

0DLQWDVNVRIUHVHDUFKLQWR0$6DVGHVFULEHGLQ7DEOHKDVEHHQDOORFDWHGLQWRWKUHHWLPH
SHULRGVLQFOXGLQJVKRUWWHUPPHGLXPWHUPDQGORQJWHUP+LJKOLJKWHGUHVHDUFKZRUNWREH
GRQHDWWKHVHWKUHHWHUPVLVGHVFULEHGEHORZ

x )RUVKRUWWHUPWKHUHVHDUFKLQWR0$6LVH[SHFWHGWRIRFXVRQGHYHORSLQJPRGHOVWKDW
FDQ EH XVHG WR FRQGXFW UHOLDEOH DVVHVVPHQW RQ VSHFLILF WDUJHWV RQ HLWKHU VSHFLILF RU
RYHUDOODVSHFWVUHODWLQJWR67((3LVVXHVDWLQGLYLGXDOZRUNVWDJHVDQGUHVHDUFKZRUN
ZLOO QHHG WR GHDO ZLWK NH\ WHFKQLFDO LVVXHV VXFK DV DVVHVVPHQW FULWHULD HYDOXDWLRQ
WHFKQLTXHVDQGXVHIXOWRROVLHPRGHOVIRU0$6WKURXJKH[SHULPHQWDOFDVHVWXGLHV
LQDGGLWLRQUHVHDUFKZRUNDWWKLVWHUPZLOODOVRQHHGWRFRQVLGHUKRZPRGHOVGHYHORSHG
DW LQLWLDO WLPH SHULRG FDQ VWLOO EH XVHIXO LQ WKH ORQJHU WHUP ZLWK UHJDUG WR WKHLU
LQWHJUDWLRQVZLWKWRRONLWVDQGV\VWHPVIRUDVVHVVPHQW
x )RUPHGLXPWHUPWKHUHVHDUFKLQWR0$6LVH[SHFWHGWRIRFXVRQDFRQWLQXRXVDOOURXQG
LPSURYHPHQWRIPRGHOVGHYHORSHGDOUHDG\LQDGGLWLRQWRGHYHORSLQJWRRONLWVWKDWDUH
LQWHJUDWLRQVRIGHYHORSHGPRGXOHVWKDWKDYHIXQFWLRQVDOORFDWHGLQWHFKQLFDOFOXVWHUVLQ
 
UHODWLRQWRYDULRXVZRUNVWDJHVDQGFRQVLGHUDWLRQRQKRZWRRONLWVXQGHUGHYHORSPHQW
FDQVWLOOEHXVHIXOLQWKHORQJHUWHUPZLWKUHJDUGWRWKHLULQWHJUDWLRQVZLWKV\VWHPVIRU
DVVHVVPHQW 0RUHRYHU DQ HYLGHQFH EDVH ZLOO EH LGHDOO\ GHYHORSHG GXULQJ WKLV WLPH
SHULRG WRZDUGV FRPSXWHU DLGHG DVVHVVPHQW DQG LW FRXOG EH UHO\ RQ D FRPPHUFLDO
VRIWZDUHWRRODWDQLQLWLDOVWDJH
x )RU ORQJ WHUP WKH UHVHDUFK LQWR0$6 LV H[SHFWHG WR IRFXVRQ FRQWLQXRXV DOOURXQG
LPSURYHPHQWV RI PRGHOV DQG WRRONLWV GHYHORSHG DOUHDG\ LQ DGGLWLRQ WR GHYHORSLQJ
V\VWHPVWKDWDUHLQWHJUDWLRQVRIPRGHOVDVZHOODVWRRONLWVLQFOXGLQJWKHHYLGHQFHEDVH
WRZDUGVDSRZHUIXOWRROIRUDVVHVVPHQW
x )RUFDVHVWXGLHVWKHUHVHDUFKLQWR0$6LVH[SHFWHGWRIRFXVRQFRQWLQXRXVWHVWVRIWRROV
LQFOXGLQJPRGHOVWRRONLWVDQGV\VWHPVGHYHORSHGDWLQGLYLGXDOWLPHSHULRGVDQGWU\LQJ
WRILQGSUREOHPVDQGSRWHQWLDOVIRUIXUWKHULPSURYHPHQWWKURXJKH[SHULPHQWVRQFDVH
SURMHFWV

7KHJHQHUDOYLHZRQUHVHDUFKWDVNVDQGRXWFRPHVRYHUWKUHHWLPHSHULRGVGHVFULEHGDERYHLVWR
RXWOLQH ZKDW UHVHDUFK FDQ GR WR VXSSRUW LPSOHPHQWLQJ WKH SURFHGXUH RI 0$6 'XH WR WKH
FRQVWUDLQWVRQDYDLODEOHUHVRXUFHVIRUUHVHDUFKWKHUHZLOOEHDORQJZD\WRDFKLHYHWKHJRDORI
ORQJWHUPUHVHDUFKWKDWFDQSURYLGHDQLQWHJUDWHGDVVHVVPHQWWRRODWV\VWHPOHYHO:LWKUHJDUG
WRLGHQWLILHGQHHGIRU0$6LWLVWKHUHIRUHQHFHVVDU\WRVSHFLI\DOOUHVHDUFKWDVNVDQGH[SHFWHG
RXWFRPHV DW LQGLYLGXDO ZRUN VWDJHV VR WKDW WKH WLPH OHQJWK RI NQRZOHGJH H[FKDQJH IURP
UHVHDUFKWRSUDFWLFHFDQEHUHGXFHG%DVHGRQWKLVFRQVLGHUDWLRQRXWFRPHGULYHQUHVHDUFKWDVNV
GHVFULEHG LQ 7DEOH  DUH IXUWKHU VSHFLILHG LQWR ILYH FOXVWHUV RI VPDOO UHVHDUFK WDVNV IRU
LPPHGLDWHXVDJHVDWLQGLYLGXDOZRUNVWDJHV

7DEOH2XWFRPHGULYHQUHVHDUFKWDVNVIRU0$6
5HVHDUFK
RXWFRPHV
7LPHVFDOHDQGIRFXVHVIRUUHVHDUFKLQWR0$6
6KRUWWHUP 0HGLXPWHUP /RQJWHUP
0RGHOV 'HYHORSLQJPRGHOV
'HILQLQJHYDOXDWLRQFULWHULD
&KRRVLQJLQGLYLGXDO
HYDOXDWLRQWHFKQLTXHV
'HYHORSLQJLQGLYLGXDO
PRGHOV
,PSURYLQJPRGHOV
5HILQLQJHYDOXDWLRQFULWHULD
,PSURYLQJLQGLYLGXDO
PRGHOV
,PSURYLQJPRGHOV
'HYHORSLQJLQGLYLGXDO
HYDOXDWLRQWHFKQLTXHV

7RRONLWV &RQVLGHUDWLRQRQWRRONLWV
&RQVLGHULQJWKHLQWHUDFWLRQV
EHWZHHQPRGHOVDQGWKHLU
LQWHJUDWLRQWRIRUPWRRONLWV
&RQVLGHULQJWKHIXQFWLRQVRI
WRRONLWVWREHVXSSRUWHGE\
PRGHOV
'HYHORSLQJWRRONLWV
'HILQLQJWKHIXQFWLRQVRI
WRRONLWVDQGWKHLQWHUDFWLRQV
EHWZHHQPRGHOV
'HYHORSLQJLQGLYLGXDO
WRRONLWV
,PSURYLQJWRRONLWV
,PSURYLQJWKHIXQFWLRQV
RIWRRONLWVDQGWKH
LQWHUDFWLRQVEHWZHHQ
PRGHOV
,PSURYLQJLQGLYLGXDO
WRRONLWV
6\VWHPV &RQVLGHUDWLRQRQV\VWHPV
&RQVLGHULQJWKHLQWHUDFWLRQV
EHWZHHQPRGHOVDQGWKHLU
LQWHJUDWLRQLQWRRONLWVWRIRUP
V\VWHPV
&RQVLGHULQJWKHIXQFWLRQVRI
V\VWHPV
&RQVLGHUDWLRQRQV\VWHPV
&RQVLGHULQJWKHLQWHUDFWLRQV
EHWZHHQWRRONLWVDQGWKHLU
LQWHJUDWLRQWRIRUPV\VWHPV
&RQVLGHULQJWKHIXQFWLRQVRI
V\VWHPV
'HYHORSLQJV\VWHPV
'HILQLQJWKHIXQFWLRQVRI
V\VWHPVDQGWKH
LQWHUDFWLRQVEHWZHHQ
WRRONLWV
'HYHORSLQJLQGLYLGXDO
V\VWHPV
&DVHVWXGLHV $SSOLFDWLRQVRIPRGHOV $SSOLFDWLRQVRIWRRONLWV $SSOLFDWLRQVRIV\VWHPV

,QRUGHUWRVSHFLI\GHWDLOVRIUHVHDUFKDFWLYLWLHVDORQJVLGHWKHWKUHHWLPHVFDOHVUHVHDUFKWDVNV
VSHFLILHGLQ7DEOHKDYHEHHQFOXVWHUHGLQILYHWHFKQLFDOGRPDLQVLQDFFRUGDQFHWRILYHPDLQ
LGHQWLFDO SURMHFW VWDJHV LQFOXGLQJSODQQLQJGHVLJQ FRQVWUXFWLRQ RSHUDWLRQDQGGHPROLWLRQ
'HWDLOVDERXWWKHILYHFOXVWHUVRIUHVHDUFKWDVNVIRU0$6DUHJLYHQLQ$SSHQGL[

 
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
7KHUHVHDUFKGHVFULEHGLQWKLVSDSHUIRUDUHVHDUFKURDGPDSIRU0$6KDVIRFXVHGRQWZRWRSLFV
FRYHULQJ UHVHDUFK WKHPHVDQG UHODWHGDUHDV DQGVSHFLILHG UHVHDUFK WDVNVDW LQGLYLGXDOZRUN
VWDJHV ZLWKLQ WKH %,0 SHUYDVLYH ZRUNLQJ HQYLURQPHQW WKURXJKRXW WKH ZKROH OLIH RI
PHJDSURMHFWV %HVLGHV LWV RULJLQDOLW\ LQ WKH VXEMHFW ILHOG RI PHJDSURMHFW VXVWDLQDELOLW\ WKH
UHVHDUFK URDGPDS ZDV EXLOW XSRQ D QRYHO SURFHGXUH RI 0$6 LQ UHIOHFWLRQ WR PHJDSURMHFW
SUDFWLFH 7KH SXUSRVH RI GHYHORSLQJ D SURFHGXUH IRU 0$6 ZDV WR HQVXUH WKDW WKH UHVHDUFK
URDGPDSFDQUHIOHFWWUXHQHHGIRUDQGUHDOZRUOGUHTXLUHPHQWVRQVXVWDLQDELOLW\DVVHVVPHQWLQ
PHJDSURMHFWSUDFWLFHDFURVVDOOZRUNVWDJHV)URPWKLVSRLQWRIYLHZ WKHUHVHDUFKURDGPDS
SUHVHQWHGKHUHKDVDFKLHYHGWKHJRDODQGKDVDJRRGSRWHQWLDORQLWVXVHIXOQHVV

7KHIRXUFOXVWHUVRIUHVHDUFKWDVNVKDYHEHHQVSHFLILHGXQGHUIRXUW\SHVRIUHVHDUFKRXWFRPHV
WRIXOILOWKHQHHGIRUSUDFWLFDOWRROVDQGHYLGHQFHWRMXVWLI\WKHLUXVHIXOQHVV$OOW\SHVRIUHVHDUFK
RXWFRPHVLQFOXGLQJPRGHOVWRRONLWVDQGV\VWHPVIRU0$6DQGFDVHVWXGLHVXVLQJWKHVHWRROV
ZHUHWDUJHWHGZLWKDWKRURXJKFRQVLGHUDWLRQRQWKHLUQHFHVVDU\FRQQHFWLRQVWRDOO LGHQWLILHG
UHVHDUFK WKHPHVDQGUHODWHGDUHDVDORQJVLGH WKHQLQHPLOHVWRQHV WRDFKLHYHVXVWDLQDELOLW\ LQ
PHJDSURMHFWV)URPWKLVSRLQWRIYLHZWKHUHVHDUFKURDGPDSGHVFULEHGLQWKLVSDSHUSURYLGHV
D FRPSUHKHQVLYH FRYHUDJH WR YDULRXV GHPDQGV IRU SUDFWLFH RULHQWHG GHOLYHUDEOHV WKURXJK
UHVHDUFKDGYDQFHPHQWZLWKWKLVUHVHDUFKURDGPDS

7KHWLPHVFDOHRIUHVHDUFKIRU0$6KDVEHHQGLYLGHGLQWRWKUHHSDUWVLQFOXGLQJVKRUWWHUPIRU
DURXQGWKUHH\HDUVPHGLXPWHUPIRUDURXQGILYH\HDUVDQG ORQJWHUPIRUDURXQGWHQ\HDUV
7KLVWLPHRULHQWHGDUUDQJHPHQWIRUUHVHDUFKGHYHORSPHQWDORQJVLGHUHVHDUFKPLOHVWRQHVKDV
EHHQDGRSWHGLQPDQ\UHVHDUFKURDGPDSVLQWKHSDVWDFFRUGLQJWROLWHUDWXUHUHYLHZDQGKDV
DOVRDGRSWHGLQGHYHORSLQJWKHQHZUHVHDUFKURDGPDSDWSURIHVVLRQDOOHYHO,QVHWWLQJXSWKLV
WLPHVFDOHDFWLRQVUHVHDUFKWDVNVDQGGHOLYHUDEOHVVSHFLILHGLQWKLVUHVHDUFKURDGPDSKDYH
WKHUHIRUHEHHQDOORFDWHGXQGHUDWKRURXJKFRQVLGHUDWLRQDJDLQVWZRUNORDGVDQGDFKLHYDELOLW\
)URPWKLVSRLQWRIYLHZWKHUHVHDUFKURDGPDSGHYHORSHGIURPWKLVUHVHDUFKKDVGHPRQVWUDWHG
DSUDFWLFDOPHDQLQJDVDJXLGHIRUIXUWKHUUHVHDUFKLQWRPHJDSURMHFWVXVWDLQDELOLW\DVVHVVPHQW


&21&/86,216

7KLVSDSHUGHVFULEHVILQGLQJVIURPDQHZUHVHDUFKLQWRPHJDSURMHFWVXVWDLQDELOLW\DVVHVVPHQW
E\ RULJLQDOO\ SURYLGLQJ D 75,= GULYHQ UHYLHZ LQWR UHODWHG DUHDV WR IRUP WKH VWUXFWXUH RI
06%2.DQGWRGHYHORSDUHVHDUFKURDGPDSIRU0$6LQRUGHUWRVXSSRUWIXUWKHUUHVHDUFKLQ
ILQGLQJLQWHUFRQQHFWHGDQGLQWHJUDWLYHZD\VWRTXDQWLWDWLYHO\PHDVXUH67((3FKDUDFWHULVWLFV
UHODWLQJ WR PHJDSURMHFWV WKURXJK LQGLYLGXDO ZRUN VWDJHV WR ZKROHOLIH VXVWDLQDELOLW\ ,W LV
H[SHFWHG WKDW WKH UHVHDUFK GHVFULEHG KHUH FRXOG PDNH D JRRG FRQWULEXWLRQ WR WKH ERG\ RI
NQRZOHGJH LQPHJDSURMHFWPDQDJHPHQW IRU DFKLHYLQJFRQWLQXRXV UHVHDUFKDGYDQFHPHQWRQ
UHOLDEOHVXVWDLQDELOLW\DVVHVVPHQWVRDVWRVXSSRUWZHOOLQIRUPHGGHFLVLRQPDNLQJDFURVVDOO
ZRUN VWDJHV ,Q DGGLWLRQ WR LWV XVHIXOQHVV RQ WKH GHYHORSPHQW RI LQGLYLGXDO UHVHDUFK WDVNV
LQFOXGLQJ D QRYHO HYLGHQFH EDVH WKH QHZ UHVHDUFK URDGPDS FDQ DOVR VWURQJO\ VXSSRUW WKH
GHYHORSPHQW RI D QHZ UHVHDUFK FOXVWHU WR IRVWHU LQWHUQDWLRQDO OHDGLQJ UHVHDUFK LQWR WKH
DVVHVVPHQWRIPHJDSURMHFWVXVWDLQDELOLW\%DVHGRQZKDWKDYHEHHQDFKLHYHGDWWKHSUHOLPLQDU\
VWDJH RI WKLV UHVHDUFK IXUWKHU UHVHDUFK ZLOO EH QHFHVVDU\ WR LPSURYH WKH UHVHDUFK URDGPDS
WKURXJKDMXVWLILFDWLRQSURFHVVEDVHGRQSHHUUHYLHZ


 
5()(5(1&(6

$(&206XVWDLQDELOLW\5HSRUW$(&20/RV$QJHOHV86$
$OWVKXOHU$$DQG/XEHURII'(0HJD3URMHFWV7KH&KDQJLQJ3ROLWLFVRI8UEDQ3XEOLF,QYHVWPHQW
%URRNLQJV,QVWLWXWLRQ3UHVV86$
%HFKWHO6XVWDLQDELOLW\5HSRUW%HFKWHO&RUSRUDWLRQ6DQ)UDQFLVFR86$
$UXS63H$5+DQGERRN([WHUQDO9HUVLRQ$UXS/RQGRQ8.
$UXS5HVHDUFK5RDGPDS$UXS/RQGRQ8.
%RDWHQJ3&KHQ=DQG2JXQODQD6$QDQDO\WLFDOQHWZRUNSURFHVVPRGHOIRUULVNVSULRULWL]DWLRQLQ
PHJDSURMHFWV,QWHUQDWLRQDO-RXUQDORI3URMHFW0DQDJHPHQW
%RDWHQJ3&KHQ=DQG2JXQODQD60HJDSURMHFW5LVN$QDO\VLVDQG6LPXODWLRQ$'\QDPLF6\VWHPV
$SSURDFK(PHUDOG*URXS3XEOLVKLQJ/LPLWHG8.
%5(%5(($0,QWHUQDWLRQDO1HZ&RQVWUXFWLRQ7HFKQLFDO0DQXDO%5(*OREDO/WG8.
%65,$%,0URDGPDSDEXLOGLQJRZQHUV
JXLGHWRLPSOHPHQWLQJ%,0%XLOGLQJ$SSOLFDWLRQV*XLGH%*
%65,$/LPLWHG8.
&DULOOLRQ6XVWDLQDELOLW\5HSRUW:ROYHUKDPSWRQ8.
&KHQ=DQG/L+(QYLURQPHQWDO0DQDJHPHQWLQ&RQVWUXFWLRQ$4XDQWLWDWLYH$SSURDFK,6%1
KDUGEDFN7D\ORU	)UDQFLV/RQGRQDQG1HZ<RUN
&KHQ= 0XOWLFULWHULD'HFLVLRQ0DNLQJ IRU WKH6XVWDLQDEOH%XLOW(QYLURQPHQW ,6%1
8QLYHUVLW\RI5HDGLQJ5HDGLQJ8.
&KHQ=&OHPHQWV&URRPH'-/L+6KHQ*43DQG&KXQJ-.+$75,=EDVHG$13DSSURDFK
WRYDOXHPDQDJHPHQWLQIDoDGHVDVVHVVPHQW7KH9DOXH0DQDJHU
&KHQ=DQG.KXPSDLVDO6$QDQDO\WLFQHWZRUNSURFHVVIRUULVNVDVVHVVPHQWLQFRPPHUFLDOUHDOHVWDWH
GHYHORSPHQW-RXUQDORI3URSHUW\,QYHVWPHQWDQG)LQDQFH
&KHQ=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